Results: After adjusting for other factors, recent graduates tended to take more X-rays than early graduates -graduates since 1990 were 2.59 times more likely to take more than 7 Xrays a week compared with graduates before 1970. Recent graduates were also more likely to personally restrain animals during X-rays but were more likely to use X-ray protection. Of those who undertook surgery, recent graduates were more likely to use anesthetic waste gas scavengers. Over time, veterinary jobs have become more likely to involve longer hours of surgery, but shorter periods of driving. The use of scavengers for waste anaesthetic gas has increased markedly over time from 3.8% of jobs commencing in the 1960s to over 70% for jobs commencing since 1997.
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INTRODUCTION
Veterinarians are exposed to a number of potential hazards in their professional lives including ionizing radiation, anaesthetics, motor vehicle driving and pesticide use (Jeyaretnam, 2000b) . There are established behaviours or equipment which can be used to mitigate the effect of these exposures, such as waste anaesthetic gas scavengers during surgery (Torda, 1978) and wearing lead aprons and avoidance of use of staff to restrain animals when taking X-rays. Studies in the 1980s and 1990s found that many veterinarians were occupationally exposed to hazards and use of protective practices was not widespread.
For example, studies in Australia and the US found that 30% of veterinary practices did not have a waste anaesthetic gas scavenger (Jeyaretnam, 2000a; Wiggins, 1989) and 76% of American female veterinarians reported physically restraining animals for X-ray procedures (Wiggins, 1989) . With more attention being paid in veterinary schools to occupational health and safety, we were interested to know whether this effort has paid off in terms of better safety behaviour over time and in the more recent graduates.
A survey of Australian veterinarians was conducted to determine whether exposure to physical and chemical occupational hazards and use of protective practices has changed in recent veterinary graduates, and to describe trends in exposure to occupational hazards and the use of protective practices over time.
METHODS
This cohort study of Australian veterinarians has been described previously (Fritschi , 2006; Shirangi, 2007) . All veterinarians who graduated from any of the four Australian veterinary schools between 1960 and 2000 were eligible for the study (n = 7928). Lists of graduates were obtained from the alumni organizations of each university. Current addresses of veterinarians were obtained from State Veterinary Registration Board lists and national and overseas organizations. Of the nearly eight thousand veterinarians, 69 (0.1%) were known to be deceased, 501 (6%) were known to be living overseas, and no current address was found for 1612 (22%).
Invitations to participate in the study, including an information sheet, a consent form, and the questionnaire, were sent to 5746 subjects for whom a current Australian address could be found. Subjects who did not respond to the first mail out were sent a postcard reminding them to return their questionnaire.
The questionnaire included personal information (date of birth, gender, university and year of graduation) and details of veterinary work undertaken since graduation. This professional history included details of each job held for more than 6 months including start date, end date, job type (clinical, government, academic, drug company, other) , and type of practice.
For this analysis, we only included those veterinarians who stated that they worked in large, mixed, small or specialist clinical practice (n = 2562). This excluded those who were primarily not clinicians and were employed by government, research organizations or drug companies. Since there were few specialist practitioners and they were almost all working with large animals, they were combined with the large animal practitioners for the analysis.
Prevalence of current occupational hazards:
For the current job we asked the number of hours worked, the approximate number of X-ray films taken per week, how many hours of surgery and driving were done, how often pesticides were used, and how many kilometres the veterinarian drove to see patients each week. Contingency tables and the chi-squared statistic were used to examine the prevalence of occupational hazards in the current job by decade of graduation. The mean for each of the continuous variables (hours worked, X-ray films taken, hours surgery, hours driving) was calculated for those who undertook these practices and differences between decade of graduation were assessed using one-way ANOVA analyses.
Logistic regression was taken to predict the odds ratio for doing more than the mean number for each of the continuous variables adjusting for gender, type of practice and number of hours worked.
Protective practices: For the current job, we asked how frequently the veterinarian restrained animals during X-rays, whether an anaesthetic gas scavenger was used during surgery, the frequency of use of various forms of radiation protection, how often inadequate restraint of animals was used, and whether the veterinarian always used a seatbelt when driving a car.
For these analyses we examined the proportion of veterinarians using the protective practice, of those exposed to the hazard. This consisted of use of anaesthetic scavenger in those doing surgery; use of radiation protection in those taking X-rays; and use of seatbelt in those driving to see patients. Contingency tables and the chi-squared statistic were used to examine the prevalence of appropriate protection use by decade of graduation. Logistic regression was undertaken to examine the likelihood of using the protective practice by graduation decade adjusting for gender and practice type. The four protective practices examined were: use of anesthetic waste gas scavenger in those doing surgery; use of either apron or screen in those doing X-rays; never or almost never working with inadequate restraint; and always wearing seatbelt in those driving for work.
Trends over time:
We also obtained a full professional history from each respondent. This included years starting and finishing in that practice, job type and practice type. For each job we asked the average number of hours worked, average number of X-rays taken per week, whether they personally restrained animals during X-rays, average number of hours in surgery per week, whether they used a waste anaesthetic gas scavenger, average number of hours driving a week, and how often pesticides were usually used.
We classified each job according to the year the veterinarian started in that job. Jobs were then grouped by year starting into five subgroups : 1960-9, 1970-9, 1980-9, 1990-6, 1997-2002 . One-way ANOVA analyses were used to compare means of the practice characteristics for each of these five sub-groups. To adjust for the changing demographics of veterinary practice we performed logistic regression to predict the odds ratio for doing more than the mean number for each of the continuous variables adjusting for gender, type of practice, decade of graduation and number of hours worked.
RESULTS
Completed questionnaires were received from 2800 veterinarians, 35% of the whole cohort and 48.7% of those to whom questionnaires were sent. Of these, 2562 worked in clinical positions and were included in this analysis. There have been a number of major changes in the makeup of veterinary practice over time. Female veterinarians went from a minority (8.1% of those graduating in the 1960s) to a majority (65.6% of those graduating since 1990) .
Practice types have also changed (Figure 1 ). Veterinarians graduating in the 1960s were equally as likely to currently be working in large, mixed or small animal practice.
Veterinarians graduating since 1990 were most likely to be currently working in small animal practice (57.6%) with only a minority working in large animal practices (9.3%).
On average, veterinarians worked about 44 hours a week with a range of 1 to over 100 hours per week. Earlier graduates tended to work more hours than recent graduates (Table 1) . More recent graduates were more likely to take X-rays and undertake surgery but the number of hours in surgery was less in more recent graduates. Earlier graduates were most likely to drive for work, spend more hours driving for work (an average of nearly 9 hours a week) and drive many more kilometres per week. Pesticides were used more often by recent graduates.
After adjusting for gender, type of practice and hours of work, there was a clear trend towards veterinarians who graduated more recently being more likely to take more than the mean number of X-rays per week (Table 2 ). All graduation year groups were similar in their likelihood of undertaking many hours of surgery or driving. The type of practice was the major influence on exposure to occupational hazards as large animal veterinarians were most likely to spend more than 7 hours driving a week, while small animal veterinarians were most likely to take more than 7 X-rays per week and spend longer in surgery.
Overall, the use of protective practices was higher in recent graduates compared to earlier graduates (Table 3) . Of those graduates after 1990 who took X-rays, nearly 95% used either a lead apron or a physical radiation screen compared with just over three quarters of those who graduated in the 1960s. However, the percent of veterinarians who personally restrained animals during X-rays and who worked generally with inadequate animal restraint was higher in recent graduates.
After adjusting for gender and practice type, more recent graduates were much more likely than graduates from the 1960s to use an anesthetic waste gas scavenger and to use either an apron or a screen when taking X-rays (Table 4 ). There was no statistically significant difference in the use of animal restraints by decade of graduation or seatbelt use. Large animal veterinarians were less likely to use all types of protective practice.
Trends over time
The most marked change over time in the jobs was the change in the gender balance from the 1980s (Table 5 ). Over time, there were more jobs in small animal practice than large animal or mixed practice. Regarding occupational hazards, over time, veterinary jobs were more likely to involve taking X-rays and undertaking surgery, but less likely to involve driving for work purposes. Of those jobs involving taking X-rays, the number of X-rays taken per week tended to increase, but there was no obvious pattern of personal restraining of animals during X-rays. Of those jobs involving surgery, hours spent in surgery tended to decrease.
Repeating these analyses for only those jobs which started and finished in the same year grouping did not change the patterns seen.
The use of scavengers for waste anaesthetic gas has increased markedly over time. Only 3.8% of jobs commencing in the 1960s had a scavenger present, but one was present in 70.5% of jobs commencing since 1997.
After adjusting for gender, practice type, decade of graduation and hours of work, over time, jobs became less likely to involve more than 9 hours surgery per week, and much less likely to require more than 7 hours driving per week (Table 6 ). There was no change in the number of jobs which required more than 7 X-rays to be taken per week.
DISCUSSION
This survey is, to our knowledge, the first to examine trends in occupational health and safety practices by veterinarians. We have shown that occupational health issues are still important in veterinary practice, with most veterinarians exposed to a number of physical and chemical hazards and many using inadequate protection. Others have reported high levels of injuries and have highlighted the physical risks to which veterinarians are exposed in routine work within the profession (Jeyaretnam, 2000a and 2000b; Landercasper, 1988) .
Recent graduates were more likely to take X-rays than earlier graduates even after adjusting for practice type, gender, and hours of work. It is not clear why this should be so, but may be due to them having less confidence in their clinical judgement than more experienced veterinarians. In addition, there may have been changes in training and practice which have more recently emphasized the use of tests such as X-rays in order to make more accurate diagnoses more quickly. X-ray protection was more likely to be used by recent graduates, suggesting that perhaps professional education needs to target older veterinarians, who may not be adequately protected from ionizing radiation. In addition, jobs since the 1970s were more likely than those commencing in the 1960s to involve taking of X-rays, possibly because the X-ray equipment has become more available and affordable. However, the number of X-rays taken by those taking X-rays has not changed after adjustment for confounding variables. Similar results were found in a US study of female veterinarians (Wiggins, 1989) who reported an increase in the use of protective radiographic equipment with a concurrent increase in the use of X-rays in the diagnostic processes. Jacobsen and VanFarowe (1964) highlighted that although veterinarians were aware of the dangers in using radiographic equipment many did not apply their knowledge or use preventive measures to reduce exposure to ionizing radiation.
More recent graduates than early graduates undertook surgery. For those who did surgical procedures, the amount of time spent in surgery was not different by decade of graduation, after adjusting for type of practice, gender, and hours of work. There was a major difference in the use of waste anaesthetic gas scavenging with recent graduates much more likely to work with one present than older practitioners. In addition, the proportion of jobs with a scavenger present has increased markedly over the years and now is close to 70%. However, another smaller survey of veterinary clinics in Australia (Jeyaretnam, 2000a) reported that only 30% of clinics had extractor fans or scavenging systems (although 37% of respondents did not answer the question). The previously mentioned study of female veterinarians showed no trend in regard to use of WAG scavenging with year of graduation from veterinary school but reported a marked increase in the use of WAG scavenging units for pregnancies that occurred between 1960 and 1987 (Wiggins, 1989) .
Driving was more common in large animal practitioners, and large animal practice is becoming less common. After adjusting for practice type, there were no differences between recent and earlier graduates in the likelihood of doing >7hours driving a week, but there had been change over time, with fewer jobs involving driving to see patients. House calls are more time consuming than seeing patients at surgeries and now that most clients have cars, it is probable that animal owners are less likely to require a house call.
We saw the recognized changes in the profile of veterinary practice with recent graduates more likely to be female and more likely to work in small animal practice (Slater, 2000) .
The proportion of veterinarians exposed to anaesthetic gases and ionizing radiation seems much higher in Australia than in Finland (Reijula, 2003) . In Finland 60% of veterinarians reported never being exposed to anaesthetic gases compared to 17% in Australia in our study and 12% in another smaller Australian study (Jeyaretnam, 2000b) . Just over half of Finnish veterinarians (52%) reported never taking X-rays compared to 15% in our study and 6% in the other Australian study (Jeyaretnam, 2000b , Reijula, 2003 Exposure to waste anaesthetic agents and ionizing radiation has been linked to adverse reproductive outcome (Ward, 1982) and impaired mental and physical performance (Korczynski, 1999) . This study has demonstrated that the use of protective equipment for ionizing radiation and scavenging systems for anaesthetic gases has increased in recent Australian veterinary graduates. This coincides with an increase in the number of radiographs taken and the time spent performing surgeries by recent graduates compared to earlier graduates.
This survey is, to our knowledge, the first to examine trends in the occupational health and safety practices of veterinarians. The participants included veterinarians from all areas of Australia and is one of the largest surveys which have been done of the profession. Practice conditions in Australia are probably similar to those in other developed countries.
Although our response rate was relatively low, we included large numbers of veterinarians from all types of clinical practice. The participation fraction was slightly better among females and those graduating in the 1990s but the actual differences were relatively small (albeit statistically significant) suggesting that our study provided a reasonable representation of veterinarians. In addition, we excluded those we knew to be overseas. We do not have information on the practice types of those who did not participate, however it may be that those not in clinical practice or veterinary work were less likely to participate.
Practice profiles have changed over time with work involving fewer hours of work, more time in surgery but less driving. Safety has increased in some areas over time, such as the use of anesthetic waste gas scavengers and most veterinarians appear to use adequate radiation protection in their current jobs. However, the potential for exposure to a number of physical and chemical hazards is still high and inadequate restraint of animals is still very common.
There is still scope for increasing the use of gas scavengers, and for improving protective practices among earlier graduates and large animal veterinarians. <0.001 * p-value from chi-square test for categorical variables and one-way ANOVA for continuous variables. 
